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FRAME RATE CONVERSION IMAGEL
PROCESSING APPARATUS, CONTROL

METHOD, AND COMPUTER-READABLE
STORAGE MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image processing appa-
ratus, a control method of the image processing apparatus,
and a computer-readable storage medium for performing
motion 1mage processing for converting a frame rate and,
more particularly, for performing conversion processing to a
higher frame rate, e.g., conversion of an 1mage at 60 Hz into

that at 120 Hz.

2. Description of the Related Art

Japanese Patent Application Laid-Open No. 2006-184896
discusses, as a conventional technmique for suppressing
motion blur or flicker that occurs when displaying a video
image on a display device, a video display method for creat-
ing sub-frames with different frequency components from
image data and alternately displaying the sub-frames at
double speed. With the video display method, high frequency
emphasis image data 1n which a high frequency component 1s
emphasized and low frequency 1image data having a low ire-
quency component, from which the high frequency compo-
nent 1s suppressed 1s generated from the input image data, and
the resultant 1image data is alternately displayed at double
speed. With the technique, the flicker can be suppressed and
the motion blur can also be reduced.

A sub-frame 1s displayed by increasing a drive frequency,
like double-speed driving. Then, although the flickers are
reduced, high-quality impression or high realistic sensation
of a video 1image may be lost 1n some cases. The impression
that video 1mage quality 1s high means image quality with
high picturesqueness with which gloss, color reproduction,
and a sense of depth of an 1mage, and gloss of an object and
season (temperature and humidity) are sensed from a screen.

In double-speed driving for displaying two sub-frames, a
ratio (distribution ratio of luminance) of a waveform strength
of the two sub-frames 1s set within a range of 1.0:0.0 to
0.5:0.5. Theretore, when the distribution ratio 1s 1.0:0.0, 1.e.,
when the distribution ratio 1s small, although the thckers are
generated, an 1mage with the high-quality impression 1is
reproduced. When the distribution ratio 1s 0.5:0.5, 1.e., when
the distribution ratio 1s larger, although the flickers are
reduced, the high-quality impression 1s lost.

On the other hand, Japanese Patent Application Laid-Open
No. 2002-0237707 or Japanese Patent Application Laid-Open
No. 2002-70838 discusses that a predetermined luminance
difference 1s provided between two sub-frames. However,
depending on an average luminance value of an imnput frame,
the flickers are consequently distinguished, and both the
reduction 1n flickers and the image reproduction with high-
quality impression are not established together.

SUMMARY OF THE INVENTION

The present invention 1s directed to an 1mage processing
apparatus and control method of the image processing appa-
ratus capable of providing both the reduction in flicker and the
image reproduction with high-quality impression.

According to an aspect of the present invention, an 1mage
processing apparatus that converts a frame rate by creating a
sub-frame from an mput frame and outputting the sub-frame,
the 1mage processing apparatus includes a generation unit
configured to generate the sub-frame from the input frame, a
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2

calculation unit configured to calculate a feature amount of
brightness of the mput frame, and a control unit configured to
perform control so as to reduce luminance of the sub-frames
generated by the generation unit based on the feature amount
calculated by the calculation unit.

Further features and aspects of the present invention waill
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the mvention and,
together with the description, serve to explain the principles
of the invention.

FIG. 1 illustrates an example of an 1mage processing appa-
ratus according to a first exemplary embodiment of the
present 1nvention.

FIG. 2 1llustrates a flowchart of processing according to the
first exemplary embodiment.

FIG. 3 illustrates a tlowchart of processing of a feature
amount calculation unit.

FIG. 4A illustrates a first method for converting an average
value of feature amounts 1nto an distribution ratio according,

to the first exemplary embodiment, FIG. 4B illustrates a sec-
ond method for converting an average value of feature
amounts 1nto an distribution ratio according to the first exem-
plary embodiment, and FIG. 4C illustrates a third method for
converting an average value of feature amounts mnto an dis-
tribution ratio according to the first exemplary embodiment.

FIG. 5A illustrates a first method for converting an average
picture level (APL) into an distribution ratio according to the
first exemplary embodiment, FIG. 5B illustrates a second
method for converting the APL into an distribution ratio
according to the first exemplary embodiment, and FIG. 5C
illustrates a third method for converting the APL into an
distribution ratio according to the first exemplary embodi-
ment.

FIG. 6 illustrates an example of an 1mage processing appa-
ratus according to a second exemplary embodiment of the
present 1nvention.

FIG. 7 illustrates a flowchart of processing according to the
second exemplary embodiment.

FIG. 8 illustrates a processing wavelorm according to the
second exemplary embodiment.

FIG. 9 illustrates an example of an 1mage processing appa-
ratus according to a third exemplary embodiment of the
present 1nvention.

FIG. 10 illustrates an example of a hardware configuration
of the image processing apparatus according to the exemplary
embodiments.

FIG. 11 illustrates a conventional circuit configuration.

FIG. 12 1llustrates an example of a wavelorm of a frame
image output from a double-speed driving circuit illustrated

in FIG. 11.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described 1n detail below with reference
to the drawings.

A configuration according to the exemplary embodiments
1s merely an example, and the present invention 1s not limited
to the 1llustrated configuration.

FIG. 1 1s a block diagram illustrating an example of an
image processing apparatus for double-speed driving in a
display device according to the first exemplary embodiment.
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Referring to FIG. 1, an input frame 101 as an mput image
1s divided into two sub-frames to generate a first sub-frame of
which a high frequency component of an 1mage 1s suppressed
and a second sub-frame of which the high frequency compo-
nent 1s emphasized. First of all, a creation method of the first
sub-frame, of which the high frequency component 1s sup-
pressed, 1s described.

A low-pass filter (LPF) processing unit 102 performs two-
dimensional low-pass filter processing on the put frame
101. The low-pass filter particularly does not specity a func-
tion and may be a gaussian function, a moving average, or
welghting moving average {ilter.

A feature amount calculation unit 103 calculates a feature
amount of the input frame 101, further calculates an distribu-
tion ratio P (luminance distribution ratio of the first sub-
frame) of the sub-frames, and outputs the calculation result to
a control unit 104. The control unit 104 determines a ratio for
light emission of the two sub-1rames at the distribution ratio P
calculated by the feature amount calculation unit 103.

The 1nput frame 101 1s subjected to the low-pass filter
processing as described above, the distribution ratio 1s
applied, and the creation of the first sub-frame 1s completed
with suppression of the high frequency component. The sub-
frames are output to an output unit 106.

Next, a creation method of the second sub-frame, i1n which
the high frequency component 1s emphasized, 1s described. A
difference detection unit 105 functions as a second sub-frame
generation unit to subtract the first sub-frame from the mput
frame 101 and set the difference output as the second sub-
frame.

When a frame 1s input at desired timing, 1.e., at a predeter-
mined frame rate, e.g., 60 Hz, the output unit 106 switches the
two sub-frames at a period of 120 Hz, and outputs the sub-
frames to a post-stage processing circuit. The output unit 106
can 1nclude a buller circuit that temporarily stores the mput
sub-frames until the output timing.

In color image processing, processing 1s performed by
dividing data into three types of image data, such as R, G, and
B or Y, Cb, and Cr in many cases. A series of processing
according to the present invention may be performed to the
image data R, G, and B or only image dataY. Alternatively, the
image data 'Y can be calculated from the image data R, G, and
B, and the result can be applied to the image data R, GG, and B.

FIG. 2 1s a flowchart 1llustrating processing according to
the present exemplary embodiment.

In step S201, necessary 1nitial setting 1s executed. Here,
static characteristics of the low-pass filter are set. In step
5202, the input frame 101 1s received. In step S203, the LPF
processing unit 102 performs the low-pass filter processing
on the mput frame 101. With the above-described processing,
the first sub-frame 1s generated with suppression of the high
frequency component 1n the 1mage.

In step S204, the feature amount calculation unit 103 cal-
culates the feature amount of the input frame 101, and further
calculates the distribution ratio of the sub-frames. As the
feature amount, the amount of brightness of the image 1s used.

For example, a video luminance value Luma in Expression
1, a International Commission on Illumination (CIE) lumi-
nance value Y 1n Expression 2, Lstar brightness 1n Expression
3, or a sum S of product of weighted RGB signal values 1n
Expression 4 may be used. In implementation, not floating-
point operation but integer operation may be used.

Luma=0.2126*R+0.7152*G+0.0722*b <Expression 1>

Y=0.2126*R72.2+0.71532*G"2.2+0.0722*872.2 <Expression 2>

Lstar=116*(Y/¥n)"(V4) (¥/¥1n>0.00856)

Lstar=116*(7.787( Y/ Yn)+19116)-16 (¥/¥Yn0.008856) <LExpression 3>
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4

(where Y 1s a Y value in Expression 2, and Yn 1s a white
luminance value.)

S=Wr*R+Wg*G+Wh*B

(where Wr, Wg, and Wb are constants.)

FIG. 3 1llustrates processing of the feature amount calcu-
lation unit 103. In step S301, the feature amount calculation
unit 103 1s mitialized. In step S302, the feature amount cal-
culation unit 103 calculates the statistic amount of the whole
frame of the feature amount with the above-mentioned
Expressions. According to the present exemplary embodi-
ment, as the statistic amount, an average value of the feature
amounts 1s used. However, the statistic amount 1s not limited
to this and may be a mode or median.

In step S303, the feature amount calculation unit 103 per-
forms smoothing processing of a predetermined number of
frames to limit the vanation 1n feature amounts and execute
stable following. In step S304, the feature amount calculation
unit 103 converts the smoothed statistic amount 1into the dis-
tribution ratio.

In consideration of the balance between the suppression of
the thckers and the image reproduction with high-quality
impression, a method for converting the statistic amount into
the distribution ratio requires design according to purposes.
Hereinbelow, a method for converting the statistic amount
into the distribution ratio 1s described with reference to FIGS.
4A to 4C.

As a first method, there 1s a method for setting the distri-
bution ratio with monotonic increase characteristics relative
to the average value of the feature amounts. FIG. 4A 1llus-
trates an example of setting the distribution ratio with mono-
tonic 1ncrease characteristics relative to the average value of
the feature amounts.

In an area with a small average value of the feature
amounts, 1.¢., a dark image, the distribution ratio 1s closer to
0.0 and the light emission of the first sub-frame in which the
high frequency 1s suppressed 1s reduced. That 1s, the control
umt 104 controls the reduction 1 luminance of the sub-
frames output from the LPF processing unit 102 based on the
feature amount calculated by the feature amount calculation
unit 103.

Thus, the output image has an 1mage quality at 60 Hz, the
flickers are reduced 1n an area with small luminance, and an
image with high-quality impression 1s displayed at 60 Hz.

In an area with the average value of the feature amounts
closerto 1.0, 1.e., a bright image, the distribution ratio 1s close
to 0.5 as the maximum level, light 1s emitted with approxi-
mately the identical luminance 1n the first sub-frame with
suppression of the high frequency component and the second
sub-frame with emphasis of the high frequency component.
As a consequence, the output image 1s driven at 120 Hz, and
an 1mage with high-quality impression 1s not reproduced,
however, tlickers to be strong interference are reduced.

When the average value of the feature amounts 1s 1n the
intermediate area, the difference in luminance between the
first sub-frame and the second sub-frame suppresses the gen-
cration of the flickers, and an image with high-quality impres-
sion can be reproduced. A one-dimensional look-up table
realizes the configuration.

As a second method, there 1s a method for setting the
distribution ratio with monotonic increase characteristics
having a maximum value thereof relative to the average value
of the feature amounts. FIG. 4B illustrates an example of
setting the distribution ratio with monotonic increase charac-
teristics having a maximum value Pmax thereof relative to the
average value of the feature amounts. As the first method, the
maximum Pmax of the distribution ratio 1s 0.5 with which

<Expression 4>
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light 1s emitted with the same luminance 1n the first sub-frame
and the second sub-frame. However, when the distribution
rat1o 1s close to 0.3, an 1mage with high-quality impression 1s
not reproduced.

As a consequence, the distribution ratio 1s limited to the 5
limit value Pmax smaller than 0.5 within the range of the
distribution ratio, the interference of the flickers 1s permitted
to some degree, and an 1image with high-quality impression
can be reproduced. Similar to the first method, the one-di-
mensional look-up table realizes the second method. 10

As a third method, the distribution ratio 1s set with the
monotonic increase characteristics relative to the average
value of the feature amounts until the distribution ratio
reaches the set maximum value. Further, when the distribu-
tion ratio reaches the maximum value, the distribution ratio1s 15
set to constantly be the maximum value. FI1G. 4C 1llustrates an
example 1n which the distribution ratio 1s set with the mono-
tonic increase characteristics having the maximum value
Pmax thereof relative to the average value of the feature
amounts, and 1s further set to constantly be a limit value Pmax 20
when the distribution ratio reaches the maximum value Pmax.
This 1s suitable to the case of focusing on the 1mage repro-
duction with high-quality impression. Stmilar to the first and
second methods, the one-dimensional look-up table realizes
the third method. 25

The example of performing the methods for converting the
statistic amount 1nto the distribution ratio with the feature
amount calculation unit 103, 1s described. The control unait
104 may perform the conversion methods. In this case, the
feature amount calculation unit 103 outputs the calculated 30
feature amount to the control unit 104.

Returming to the flowchart in FIG. 2, 1 step S205, the
control umt 104 performs distribution processing of the sub-
frames subjected to the low-pass filter processing by the LPF
processing unit 102 with the distribution ratio determined in 35
step S204. That 1s, the control umit 104 controls the reduction
of the luminance of the sub-frames output ifrom the LPF
processing unit 102 based on the feature amount calculated
by the feature amount calculation unit 103.

In step S206, the difference detection unit 105 calculates 40
the second sub-frame as a difference 1image obtained by sub-
tracting the first sub-iframe from the mput frame 101.

In step S207, the output unit 106 determines the output
timing of the first sub-frame. When the output timing 1s that of
the first sub-frame (YES 1n step S207), the processing pro- 45
ceeds to step S208. In step S208, the output unit 106 outputs
the first sub-frame. The first sub-frame 1s temporarily stored
in a frame memory or a builer in the output unit 106, and 1s
output as an output frame 107 from the output unit 106 at the
output timing. 50

After outputting the first sub-frame, in step S209, the out-
put timing of the second sub-frame 1s determined. When the
output timing 1s the second sub-frame (YES 1n step S209), 1n
step S210, the output unit 106 outputs the second sub-frame.
The second sub-frame may be temporarily stored in the buffer 55
in the output unit 106, and 1s output as the output frame 107 at
the output timing from the output unit 106.

When the processing for all frames ends (YES 1n step
S211), the present processing ends. When the processing for
all frames does not end (NO 1n step S211), the processing 60
returns to step S202 and 1s repeated.

The output sequence of the sub-frames described with
reference to the flowchart in FIG. 2 1s merely an example, and
the present invention 1s not limited to this. After outputting the
second sub-frame, the first sub-iframe may be output. 65

After creating the two sub-frames, the output timing 1s
determined. However, the present exemplary embodiment 1s

6

not limited to this. When the low-pass filter processing ends in
step S204, the output timing of the first sub-frame 1s deter-
mined, and the first sub-irame 1s output, and then difference
value detection processing may be performed to generate the
second sub-frame.

According to a modification of the first exemplary embodi-
ment, a case where the luminance Luma 1n Expression 1 1s
used as the feature amount, corresponding to integer data, to
reduce the circuit scale of the feature amount calculation unit
103 1n FIG. 1, 1s described with reference to FIGS. 5A to 5C.
The luminance LLuma 1s used as the feature amount, and an
average picture level (APL) of the luminance Luma 1s used as
the statistic amount.

As a first method thereot, there 1s a method for setting the
distribution ratio with monotonic increase characteristics to
the APL. FIG. 5A 1llustrates an example 1n which the distri-
bution ratio 1s set with the monotonic increase characteristics
relative to the APL and the distribution ratio 1s a linear func-
tion of the APL.

In an area with a small APL., 1.e., a dark area, the distribu-
tion ratio 1s close to 0.0, and light emission 1s reduced on the
first sub-frame. As a consequence, an output image has an
image quality driven at 60 Hz, 1n an area with small lumi-
nance, the tlickers are reduced, and an 1mage with the high-
quality impression 1s displayed by driving at 60 Hz.

In an area with the APL close to 1.0, 1.e., a bright image, the
distribution ratio 1s close to 0.5, light 1s emitted with approxi-
mately 1dentical luminance 1n the first sub-frame with sup-
pression of the high frequency component and the second
sub-frame with emphasis of the high frequency component.
Although an output 1image i1s driven at 120 Hz and thus the
image 1s not reproduced with the high-quality impression,
flickers resulting 1n strong interference are reduced.

When the APL 1s 1n an intermediate area, the occurrence of
tlickers 1s suppressed by the difference 1n luminance between
the first sub-frame and the second sub-frame, and an 1mage
with the high-quality impression can be reproduced. With the
configuration, the distribution ratio has an inclination of the
linear function. Therefore, with a higher-order bit of the AP
value, the first method can be easily realized.

As a second method, the distribution ratio 1s set with mono-
tonic increase characteristics having a maximum value
thereof relative to the APL. FIG. 5B 1llustrates an example of
a linear function with the setting of the distribution ratio
relative to the APL with a maximum value Pmax of the
distribution ratio. With the first method, the distribution ratio
1s 0.5 at which light 1s emitted with the same luminance in the
first sub-frame and the second sub-irame. However, an image
with the high-quality impression 1s not reproduced.

Thus, the distribution ratio 1s up to Pmax smaller than 0.3,
the interterence due to the flickers 1s allowed to some degree,
and an 1mage can be reproduced with the high-quality impres-
sion. As an example, Pmax can be set to 0.4. With the con-
figuration, the distribution ratio has an inclination of a linear
function. By using shiit operation and addition operation of
the APL, this can be simply realized.

As a third method, the distribution ratio i1s set with the
monotonic increase characteristics relative to the APL until
the distribution ratio reaches the maximum value. When the
distribution ratio reaches the maximum value, the distribution
ratio 1s set to constantly be the maximum value thereof. FIG.
5C 1llustrates an example 1n which the distribution ratio 1s set
with the monotonic increase characteristics relative to the
APL until the distribution ratio reaches the set maximum
value, and the distribution ratio 1s set to constantly be the
maximum value when the distribution ratio reaches the maxi-
mum value. The example 1s suitable for characteristics when
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focusing on the image reproduction with the high-quality
impression. With the configuration, the distribution ratio has
an 1nclination of the linear function, and the third method can
be easily realized by using a shiit operation and an addition
operation of the APL.

According to the second exemplary embodiment, the con-
figuration formed by adding a minimum value filter unit 601
to that according to the first exemplary embodiment 1s
described below. With the configuration, not only both the
reduction 1n tlickers and the 1mage reproduction with the
high-quality impression are established but also the blur of
the motion 1mage 1s reduced. The blur of the motion 1image 1s
described below.

FIG. 12 illustrates an example of a waveform of a frame
image output from a double-speed driving circuit illustrated
in FIG. 11. A wavetform 1201 1llustrates an example of the
wavelorm of the mput frame. A waveform 1202 1s an output
wavelorm obtained by low-pass filter processing of the wave-
form 1201 of the input frame by an LPF processing unit 1102
in FIG. 11. A waveform 1203 1s an output waveform obtained
by difference detection by a difference detection unit 1103 in
FIG. 11. Since the wavetorm 1203 has the high frequency
component, the wavelform 1203 has a positive/negative value.
A wavetorm 1204 1s obtained by adding the waveform 1203
with the high frequency component to the waveform 1201 of
the original input frame.

Theoretically, the waveiorm 1202 and the wavetorm 1204
are alternately displayed ata period of 120 Hz, thereby setting
an apparent wavetorm to be similar to the wavetform 1201.
However, when a low luminance level portion of the wave-
form 1201 1s zero or close to zero, the waveform 1204 has a
negative value.

Since an 1image with a negative value cannot be displayed.,
the negative value 1s actually displayed as zero like the wave-
form 1205. Then, an apparent combination waveform alter-
nately displays the waveform 1202 and the wavetform 1203.
Therefore, the apparent combination waveform becomes like
the wavetorm 1206. When a black background includes a
white character, a character contour 1s percetved as a blurring,
image. Depending on the wavelorm of the input image, there
1s a problem that an 1mage after the distribution processing 1s
not viewed to be similar to the original 1image, and 1s per-
ceived as deterioration.

According to the present exemplary embodiment, a case 1n
which both the reduction in flickers and the image reproduc-
tion with the high-quality impression are established, 1n addi-
tion, and the blur of the motion 1mage can be reduced, 1s
described.

FI1G. 6 illustrates an example of an 1mage processing appa-
ratus for double-speed driving 1n a display device according,
to the second exemplary embodiment. Components in the
image processing apparatus similar to those of the first exem-
plary embodiment are not described, and a characteristic con-
figuration 1s described below according to the present exem-
plary embodiment.

The minimum value filter unit 601 performs the minimum
value filter processing for selecting the minimum value of the
pixels 1n the block as pre-processing of the low-pass filter
processing by the LPF processing unit 102. In the processing,
a block with a predetermined filter size (e.g., 9x9) 1s set to a
processing target pixel of the mput frame 101. One of neigh-
boring pixels of the processing target pixel 1in the block with
the minimum pixel value 1s selected, and 1s replaced with the
pixel value of the processing target pixel.

The minimum value filter expands the mimmum value of
the filter size to all pixels within the filter size. The area
expansion filter 1s not limited by the minimum value. When
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the minimum value of the filter s1ze 1s extremely small, since
the pixel may include noise, therefore the pixel value 1s not
selected, and processing 1n which the second smallest value 1s
selected and 1s expanded to all pixels 1n the filter s1ze may be
performed.

FIG. 7 1s a flowchart illustrating processing according to
the present exemplary embodiment. In step S701, the mini-
mum value filter unit 601 performs the mimimum value filter
processing of the mput frame. The processing overlapped to
the first exemplary embodiment 1s not described.

Referring to FIG. 8, a wavelorm 801 illustrates an example
of the input wavetorm. A waveform 802 1s obtained by per-
forming minimum value filter processing on the input wave-
form 801 by the minimum value filter unit 601. In the 1input
frame 801, at the border at which the pixel value with high
luminance 1s adjacent to the pixel value with low luminance,
the pixel value with low luminance 1s selected. The edge
border 1s consequently narrowed to the 1nside of a high lumi-
nance area, as illustrated by the waveform 802.

A wavetorm 803 1s obtained by performing low-pass filter
processing on the waveiorm 802. A wavetorm 804 1s obtained
by multiplying the distribution ratio calculated by the control
unit 104 to the wavetorm 803, and 1s also the first sub-frame
obtained by suppressing the high frequency component. The
wavetorm 805 1s a second sub-frame output from the difier-
ence detection unit 105.

When the first sub-frame with the wavetform 804 1n FIG. 8
and the second sub-frame with the wavetform 8035 are alter-
nately displayed at high speed, the sub-frames are seen visu-
ally like a wavetform 806. Thus, the sub-frames are percerved
as the same wavetorm as the waveform 801 of the input frame
101 displayed at 60 Hz. Color image processing 1s similar to
that.

According to the present exemplary embodiment, not only
both the reduction in flickers and the image reproduction with
high-quality impression are established but also the blur of
the motion 1mage 1s reduced.

According to the first exemplary embodiment, 1n the device
that displays the sub-frames from which the frequency com-
ponent 1s separated, both the reduction 1n flickers and the
image reproduction with the high-quality impression can be
established. The present invention can be also applied to a
method for creating the intermediate sub-irames. Hereinbe-
low, the method i1s described with reference to FIG. 9.

Referring to FIG. 9, the input frame 101 indicates an input
image, 1.€., an original image that 1s externally input, and has
a frame frequency of a signal at 60 Hz. The signal 1s stored
onto a frame memory (not illustrated), 11 necessary, and 1s
input to an intermediate sub-frame generation unit 901.

The mtermediate sub-frame generation unit 901 generates
a plurality of intermediate sub-irames from the input frame
101. A suitable method for creating the intermediate sub-
frames may be used 1f necessary, e.g., 1teration of the mput
frame, interpolation from front and back frames, and passage
of the low frequency component of the input frame. The
generated mtermediate sub-frames are transmitted to a con-
trol unit 104.

The control unit 104 multiplies the distribution ratio cal-
culated by the feature amount calculation unit 105 to the
intermediate sub-frames, similar to the {first exemplary
embodiment. The details of the feature amount calculation
unit 105 are similar to those of the first exemplary embodi-
ment, and therefore are not described. The above-generated
sub-frames are stored onto a frame memory (not illustrated),
and are output to the output unit 106.

The output unit 106 switches two sub-frames, and outputs
the sub-frames to a processing circuit of the latter stage as
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output frames at desired timing, e.g., at a period of 120 Hz 1n
the case of an mnput frame at 60 Hz.

Obviously, the period 1s not limited to 120 Hz, and the
driving 1s possible at a higher frequency. When the input
frame at 60 Hz 1s output at 240 Hz, one mnput frame 1s sub-
jected to division processing 1into 4 sub-frames. The distribu-
tion ratio to the four sub-frames in this case 1s determined
depending on the balance between the tlickers and the image
reproduction with the high-quality impression. Preferably,
the distribution ratio 1s 1:0:0:0 when the feature amount 1s
small, and 15 0.25:0.25:0.25:0.25 when the feature amount 1s
large.

With the configuration according to the present exemplary
embodiment, both the reduction 1n flickers and the image

reproduction with the high-quality impression can be also

established.

The units included 1n the apparatus i1llustrated 1n F1GS. 1, 6,
and 9 are all formed with hardware according to the exem-
plary embodiments. However, the units may be formed with a
computer program. In this case, a computer including a
memory for storing the computer program and a CPU for
executing the computer program stored 1n the memory can be
applied to an 1mage processing apparatus according to the
exemplary embodiments.

FIG. 10 1s a block diagram illustrating an example of a
hardware structure of a computer that can be applied to an
image processing apparatus according to the exemplary
embodiments.

A CPU 1001 controls the entire computer using a computer
program or data stored in a RAM 1002 or a ROM 1003, and
executes the processing that 1s performed by the 1mage pro-
cessing apparatus according to the exemplary embodiments.
That 1s, the CPU 1001 functions as the units 102 to 106 in
FIGS. 1, 6, and 9, or the unit 601 in FIG. 6 or unit 901 in FIG.
9.

The RAM 1002 includes an area for temporarily storing the
computer program or data loaded from an external storage
device 1006 or data externally-obtained via an interface (I/F)
1009. Further, the RAM 1002 includes a work area used for
executing various processing by the CPU 1001. That 1s, the
RAM 1002 i1s allocated as a frame memory or can properly
provide other areas.

The ROM 1003 stores data for setting the computer or a
boot program. An operation unit 1004 includes a keyboard
and a mouse, and 1s operated by a user of the computer to
input various istructions to the CPU 1001.

The display unit 1005 displays a processing result of the
CPU 1001. The display unit 1005 includes a holding type
display device such as a liquid crystal display or an impulse-
type display device such as a field-emission type display
device.

The external storage device 1006 1s a large-capacity infor-
mation storage device, typically, e.g., a hard disk drive. The
external storage device 1006 stores an OS (operating system)
or a computer program for enabling the CPU 1001 to realize
functions of the units 1n FIGS. 1, 6, and 9 and the flows 1n
FIGS. 2, 3, and 7. Further, the external storage device 1006
may store 1mage data as a processing target.

The computer program or data stored 1n the external stor-
age device 1006 1s loaded to the RAM 1002 under control of

the CPU 1001, and becomes a processing target of the CPU
1001.

A network such as LLAN or Internet or another device can

be connected to an interface (I/F) 1007. The computer can
obtain or transmit various information via the I/'F 1007. A bus
1008 connects the units.
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The CPU 1001 mainly performs the operation of the flow-
chart.

The present invention can be applied to a system including
a plurality of apparatuses (e.g., a host computer, an interface
device, a reader, and a printer) or a single apparatus (e.g., a
copying machine or a facsimile machine).

The object of the present invention 1s accomplished by
supplying a storage medium storing a code of a computer
program for realizing the function to a system and reading and
executing a code of a computer program by the system. In this
case, the code of the computer program read from the storage
medium realizes the functions according to the exemplary
embodiments, and the present invention 1s configured by the
storage medium that stores the code of the computer program.
An operating system (OS) operated on the computer perform-
ing a part or all of actual processing based on an instruction of
the code of the program, and enabling the functions by the
above processing are included 1n the present invention.

Further, the present mvention can be realized by the fol-
lowing method. That 1s, a computer program code read from
a storage medium 1s written to a memory included 1n a func-
tional expansion card inserted to the computer or a functional
expansion unit connected to the computer. A CPU included in
the functional expansion card or functional expansion unit
performs a part or all of actual processing based on an mnstruc-
tion of a code of the computer program to realize the func-
tions.

When the present mvention 1s applied to the storage
medium, the storage medium stores a code of a computer
program corresponding to the above-described flowcharts.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the imvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2009-250643 filed Oct. 30, 2009, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An 1image processing apparatus comprising:

a first generation unit configured to receive an mput frame
having an image and configured to generate an interme-
diate sub-frame from the mput frame by performing
filter processing on the iput frame;

a calculation unit configured to calculate a feature amount
of brightness of the input frame;

a determination unit configured to determine a distribution
ratio of luminance for a plurality of display frames to be
displayed and correspond to the input frame;

a second generation unit configured to generate a first
display sub-frame as one of the plurality of display
frames by using the distribution ratio determined by the
determination unit and the intermediate sub-frame gen-
erated by the first generation unit; and

an output umt configured to output, as the plurality of
display frames, the first display sub-frame and at least
one of the mput frame and a second display sub-frame
which 1s based on a difference between the mput frame
and the first display sub-irame,

wherein the determination unit determines the distribution
ratio for the plurality of display frames based on the
feature amount of brightness of the mput frame calcu-
lated by the calculation unit such that a first distribution
ratio, not more than 0.3, for the first display sub-frame 1s
higher, and a second distribution ratio, not less than 0.5,
for other display frames of the plurality of display
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frames 1s lower, 1n a case where each of pixel values of
the entire mput frame corresponds to a highest lumi-
nance than 1n a case where each of the pixel values of the
entire mput frame corresponds to a lowest luminance,
and

wherein at least the first generation unit, the calculation

unit, the determination unit, the second generation unit,
and the output unit are implemented by a central pro-
cessing unit 1n the 1mage processing apparatus.

2. The 1image processing apparatus according to claim 1,
wherein the first generation unit generates the intermediate
sub-frame by suppressing a high frequency component of the
input frame, the image processing apparatus further compris-
ing a second generation unit configured to generate the sec-
ond display sub-frame that emphasizes the high frequency
component of the input frame by subtracting the first display
sub-frame from the input frame.

3. The image processing apparatus according to claim 2,
turther comprising a minimum value filter umt configured to
replace a pixel value of a pixel included 1n the input frame
with a minimum pixel value of neighboring pixels of the pixel
included in the input frame, wherein the first generation unit
generates the intermediate sub-frame by performing filter
processing of the input frame processed by the minimum
value filter unait.

4. The 1mage processing apparatus according to claim 2,
wherein the output unit 1s configured to alternately switch
output of the first display sub-frame and the second display
sub-frame as the plurality of display frames.

5. The 1mage processing apparatus according to claim 1,
wherein the calculation unit calculates, as a feature amount of
brightness of the input frame, at least one of statistic amounts
of a video luminance value, a Commission on Illumination
(CIE) luminance value, and Lstar brightness, and a sum of
product of weighted red-green-blue (RGB) signal values of
the input frame.

6. The 1mage processing apparatus according to claim 1,
wherein the determination unit determines a ratio for light
emission of the first and second display frames at the distri-
bution ratio by multiplying the distribution ratio to the first
and second sub-frames, and performs control to reduce lumi-
nance of the intermediate sub-frame.

7. The 1mage processing apparatus according to claim 6,
wherein the distribution ratio 1s set with monotonic increase
characteristics relative to an average value of feature amounts
of brightness calculated by the calculation unit.

8. The 1image processing apparatus according to claim 6,
wherein the distribution ratio 1s set with monotonic increase
characteristics having a predetermined maximum value
thereol relative to an average value of feature amounts of
brightness calculated by the calculation unait.

9. The 1image processing apparatus according to claim 6,
wherein the distribution ratio 1s set with monotonic increase
characteristics having a predetermined maximum value
thereot relative to an average value of feature amounts of
brightness calculated by the calculation unit and takes on the
predetermined maximum value as a constant value after the
distribution ratio reaches the predetermined maximum value.

10. The image processing apparatus according to claim 1,
wherein the output unit 1s configured to alternately output the
input frame and the first display sub-irame.

11. The apparatus according to claim 1, wherein the deter-
mination unit determines the first and second distribution
ratios based on feature amounts of brightness calculated from
a plurality of input frames such that the first distribution ratio
for the first display sub-frame is higher, and the second dis-
tribution ratio for other display frames of the plurality of
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display frames 1s lower, in a case where each of pixel values
of the plurality of entire mput frames corresponds to the
highest luminance than in a case where each of pixel values of
the plurality of entire imnput frames does not correspond to the
highest luminance.
12. A control method for an 1mage processing apparatus,
the control method comprising:
recerving an input frame having an image and first gener-
ating an imntermediate sub-frame from the input frame by
performing filter processing on the mput frame;
calculating a feature amount of brightness of the input
frame as the calculated feature amount of brightness of

the input frame;

determining a distribution ratio of luminance for a plurality
of display frames to be displayed and correspond to the
input frame;

second generating a {irst display sub-frame as one of the

plurality of display frames by using the determined dis-
tribution ratio and the generated intermediate sub-
frame: and
outputting, as the plurality of display frames, the first dis-
play sub-frame and at least one of the input frame and a
second display sub-frame which 1s based on a difference
between the mput frame and the first display sub-frame,

wherein determining includes determining the distribution
ratio for the plurality of display frames based on the
calculated feature amount of brightness of the input
frame such that a first distribution ratio, not more than
0.5, for the first display sub-frame 1s higher, and a second
distribution ratio, not less than 0.5, for other display
frames of the plurality of display frames 1s lower, 1n a
case where each of pixel values of the entire input frame
corresponds to a highest luminance than 1n a case where
cach of the pixel values of the entire input frame corre-
sponds to a lowest luminance.
13. The control method according to claim 12, wherein first
generating includes generating the intermediate sub-frame by
suppressing a high frequency component of the input frame,
the control method further comprising third generating the
second display sub-frame that emphasizes the high frequency
component of the input frame by subtracting the first display
sub-frame from the mnput frame.
14. The control method according to claim 13, wherein
outputting includes alternately switching output of the first
display sub-irame and the second display sub-frame as the
plurality of display frames.
15. The control method according to claim 12, wherein
determining includes determining the first and second distri-
bution ratios based on feature amounts of brightness calcu-
lated from a plurality of input frames such that the first dis-
tribution ratio for the first display sub-frame is higher, and the
second distribution ratio for other display frames of the plu-
rality of display frames 1s lower, 1n a case where each of pixel
values of the plurality of entire input frames corresponds to
the highest luminance than in a case where each of pixel
values of the plurality of entire input frames does not corre-
spond to the highest luminance.
16. A non-transitory computer-readable storage medium
storing a program to cause an 1image processing apparatus to
perform a control method, the control method comprising:
recerving an input frame having an image and {irst gener-
ating an intermediate sub-frame from the input frame by
performing filter processing on the mput frame;

calculating a feature amount of brightness of the input
frame as the calculated feature amount of brightness of
the input frame;
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determining a distribution ratio of luminance for a plurality
of display frames to be displayed and correspond to the
input frame;

second generating a first display sub-frame as one of the
plurality of display frames by using the determined dis-
tribution ratio and the generated intermediate sub-
frame:; and

outputting, as the plurality of display frames, the first dis-
play sub-frame and at least one of the input frame and a
second display sub-1frame which 1s based on a difference
between the mput frame and the first display sub-frame,

wherein determining includes determiming the distribution
ratio for the plurality of display frames based on the
calculated feature amount of brightness of the input
frame such that a first distribution ratio, not more than
0.5, for the first display sub-frame 1s higher, and a second
distribution ratio, not less than 0.5, for other display
frames of the plurality of display frames 1s lower, 1n a
case where each of pixel values of the entire input frame
corresponds to a highest luminance than 1n a case where
cach of the pixel values of the entire input frame corre-
sponds to a lowest luminance.

17. The non-transitory computer-readable storage medium

according to claim 16, wherein first generating includes gen-
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crating the intermediate sub-frame by suppressing a high
frequency component of the mput frame, the non-transitory
computer-readable storage medium further comprising third
generating the second display sub-frame that emphasizes the
high frequency component of the input frame by subtracting
the first display sub-frame from the input frame.

18. The non-transitory computer-readable storage medium
according to claim 17, wherein outputting includes alter-
nately switching output of the first display sub-frame and the
second display sub-frame as the plurality of display frames.

19. The non-transitory computer-readable storage medium
according to claim 16, wherein determining includes deter-
mining the first and second distribution ratios based on fea-
ture amounts of brightness calculated from a plurality of input
frames such that the first distribution ratio for the first display
sub-frame 1s higher, and the second distribution ratio for other
display frames of the plurality of display frames 1s lower, 1n a
case where each of pixel values of the plurality of entire input
frames corresponds to the highest luminance than 1n a case
where each of pixel values of the plurality of entire input
frames does not correspond to the highest luminance.
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